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Abstract: 

Self-compacting concrete contains higher cementitious materials in it. Therefore, it needs better 

curing for the complete hydration of total cementitious materials. External curing alone is insufficient 

to cure the concrete throughout the section of the concrete element. Internal curing is the solution to 
effectively cure the concrete and improve the microstructure. The super absorbent polymer in this 

investigation absorbs 170 g/g in normal water. The quantity of SAP has been decided with the Bentz 

equation. The effect of SAP has been studied in three curing regimes Water curing, Gunny bag curing 
and Air curing. Further, it resists aggressive ions and water penetration into the concrete. Electrical 

resistivity and ultrasonic pulse velocity tests measure the durability of concrete. Electrical resistivity 

test results give the risk of corrosion, and Ultrasonic pulse velocity gives denseness of structure by 

ultrasonic pulse velocity through the section of the concrete element. Super absorbent polymer is an 
adequate internal curing material and is economical. Enhancement of durability has been observed 

higher in the air curing regime. 

Keywords: Internal curing; super absorbent polymer; Electrical resistivity; Ultrasonic pulse velocity; 

Self-compacting concrete. 

1. INTRODUCTION 

The self-compacting concrete (SCC) in the fresh state is flowable, and based on flow 
properties, it is considered as a Bingham fluid [1]–[4]. There is a higher need for curing to hydrate 

higher cementicious materials in the SCC. In practical conditions, external curing is impossible for 

all concrete elements. Insufficient curing leads to inadequate hydration resulting in porous 

microstructure. In this regard, internal curing is a suitable technique to achieve the total hydration 
of self-compacting concrete. An internally cured material called SAP is a macromolecular 

substance with solid water retention and super water absorption capabilities. It can effectively 

increase the volume stability of concrete and prevent issues like micro-cracks, autogenous 
shrinkage, and drying shrinkage. Due to its strong ability to retain water and chemically 

hydrophilic group structure, the concrete's volume stability and durability are also enhanced [5-7]. 

The internally cured technique has been proposed and shown to speed up the hydration of concrete 

significantly [7,8]. Scholars have researched using SAP materials in concrete engineering. 
D.Sarbapalli et al. discussed the effects of various fibre types, internal curing agents, and additional 

water equivalent on concrete [5]. Other researchers looked at how SAP affected concrete's 

mechanical properties, volume stability, and durability when the water-to-cement ratio was low 
[11–13]. In this work, three curing regimes have been considered for deriving the exact effect of 

SAP on SCC. In the case of internal curing concrete with SAP, when the effective w/c ratio 

decreases, the workability and compressive strength decrease in conventional water curing. The 
reduction of compressive strength is due to SAP hydrogel.  The SAP hydrogel act as weak material 

and won’t release the water due to relative humidity change is constant. But in Air curing, the 

compressive strength will increase due to SAP release the water and complete the hydration 

throughout concrete. Hence it is interesting to know the effect of adding super absorbent polymer 
on the durability properties of concrete in various curing regimes.  
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2.0 EXPERIMENTAL PROGRAM  

2.1  Materials 

The cement used in this investigation is Portland pozzolana cement (PPC) with a specific gravity 
of 2.90, confirming to Indian code (IS: 1489-1991) and manufactured by Ultratech Cement 

Company.  Economic and sustainability point of view Pozzolanic cement has been chosen. The 

chemical compositions of the cement are given in Table 1. Poly carboxilic ether based super 

plasticizer including viscosity modifying agent (Master Glenium 8632) is used to achieve self-
compactibility and contains a viscosity-modifying agent. A super plasticiser is confirming to 

Indian code IS: 9103-1999 [8] and has physical properties are Specific gravity of 1.08, pH of ≥6, 

and chloride ion percentage of  <0.2% respectively. Sand and coarse aggregates with max size of 
10mm used in this study confirm to Indian code (IS: 383-2016). Specific gravities of 10mm coarse 

aggregates and sand were 2.72 and 2.60. A super absorbent polymer is a water-absorbent hydrogel 

which is commercially available, and the chemical oxides of SAP have shown in table 1. Sodium-
based Poly acrylate was used as SAP and has a bulk density of 0.65-0.80 g/cm

3
 and particle size 

distribution of 18-50 mesh. Previous studies (Ding et al., 2017) also suggested for better internal 

curing results that, SAP particle size distribution should be 30-50mesh, and SAP dosage should be 

less than 0.2% of the mass of cement. The tea bag method has been used for water absorption 
capacity in water and cement solution. Water absorption of 170g/g in water and 36g/g in cement 

solution (water-cement ratio =5.0) (Schröfl et al., 2012). The internal curing water required to 

achieve complete hydration and the amount provided by SAP has been discussed in the previous 
publication(Venkateswarlu et al., 2021). Figure 1 shows how the SAP volume change after contact 

with water. 

 
Figure 1: Super absorbent polymer before and after swelling with the addition of water. 

2.2 Required amount of internal curing water 
Previous research has provided the following equations to calculate the mass of SAP and the volume 
of water needed for internal curing to achieve the highest degree of hydration possible for concrete 

mixes [12]. 

 SAP =   
         

      
              ---Equation 1                   

Where, C is the cement content in the mixture in kg/m
3
;  

CS is chemical shrinkage (ml/g); 

 max is the expected maximum hydration degree of hydration;  

S is the degree of saturation; 

ɸSAP is water absorption of SAP. 

2.3  Concrete mixes 
Four concrete mixes were prepared: one standard SCC mix and three internal cured SCC mixes, 

with different dosages of SAP. The chemical composition of PPC and SAP are given in Table 1. 

The mix proportions of SCC are shown in Table 2, and the nomenclature of each mix: SAP-0, 
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SAP-5, SAP-10, and SAP-15, indicates the doses of SAP 0%, 0.05%, 0.10%, and 0.15% of mass 

cement content. According to the Bentz formula, the SAP dosage needed to complete the 
hydration of cementitious materials is 0.194kg/m

3
. However, divalent ions (Ca

+2
) ions present in 

the cement reduce the absorption capacity of SAP. Hence SAP dosages started with 0.05% of 

cement, which is 0.27 kg/m
3
, which is higher than the required quantity of 0.194kg/m

3
. 

Table 1: Chemical oxide compositions of cement and SAP. 

Element PPC (%) SAP (%) 

Silica  (Si) 26.33 - 

Calcium (Ca) 50.00 - 

Aluminum 
(Al) 

11.45 - 

Iron (Fe) 1.75 - 

Magnesium  
(Mg) 

8.97 - 

Potassium (K) 1.41 - 

Sulphur (S) - - 

Sodium (Na) - 33.03 

Oxygen (O) - 55.78 

Carbon (C) - 11.19 

 

Table 2: Mix proportions of SCC in kg/m
3
 

Mixes Cement  

W/C 

ratio Water  Sand 

Coarse 

aggregate SAP  SP  

SAP-0 533 0.3 160 863 821 0 8 

SAP-5 533 0.3 160 863 821 0.27 8 

SAP-

10 533 0.3 160 863.33 821 0.53 8 

SAP-

15 533 0.3 160 863.33 821 0.80 8 

 

3.0 RESULTS AND DISCUSSION 

3.1 Electrical resistivity of hardened concrete 

Concrete can be tested in a lab without being damaged using concrete electrical resistivity. 
Concrete was subjected to an electrical resistivity test to determine its quality regarding voids 

and internal cracks. Bulk Electrical Resistivity Testing adhered to ASTM C 1202 standards 

[16]. This test was run on a saturated cube, meaning that water had seeped into the pores of the 

concrete cube. As shown in Figure 2, the saturated, wet cubes were positioned between two 
parallel metal plates using a damp sponge and an electrical resistivity meter. Applying a small 

alternate current at the intended frequency allowed us to measure the voltage between the 

concrete specimen's two ends. The electrical resistivity meter's monitor showed the impedance 
'z,' noted down. 
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Figure.2 Setup for measuring electrical resistivity of hardened concrete 

The average value of three samples is used for each test to calculate the concrete's electrical 

resistivity. The test was conducted on samples that had been curing for 7 days and 28 days. The 
impedance value from equation 2 was then used to calculate the concrete electrical resistivity. 

Table 3 lists the electrical resistivity of various concrete mixtures. 

  
 

 
  ----------------Equation 2 

Where, (ρ) denotes electrical resistivity (kΩ-cm), (A) the Sectional area of the specimen 

(cm
2
), (L) represents the length of the specimen (cm) and (z) denotes the impedance (kΩ). 

It is also known that reinforced cement concrete exhibits higher corrosion resistance when the 

electrical resistivity of the concrete is more increased, broadening the range of its applicability. 

Figures 3 and 4 illustrate the electrical resistivity values of SCC mixtures graphically. 

 

Figure 3. Electrical resistivity of SCC mixes at 7 days in different curing regimes 
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Figure 4. Electrical resistivity of SCC mixes at 28 days in different curing regimes 

The potential rate of corrosion of reinforced steel in SCC can be determined by electrical resistivity 
[13]. Similar to the results for compressive strength, electrical resistivity values of SCC mixtures with 

SAP increased in air curing at 7 and 28 days. According to Figures 3 and 4, electrical resistivity 

values increased under air curing and gunny bag curing regimes, whereas those results decreased 
under conditions of water curing as SAP dosage increased. Electrical resistivity values increased to 

0.1% SAP dosage before declining at 7 and 28 days under air curing gunny and bag curing regimes. 

In contrast, during water curing, electrical resistivity values decreased throughout 7 and 28 days as 

SAP dosage increased. With water curing and SAP concrete will have higher availability of water in 
concrete. Hence resistivity reduces. As a result of electrons being discharged from anodic to cathodic 

regions, an increase in electrical resistivity values reveals high corrosion resistance of reinforcement 

[14]. Additionally, M. Nematollahzade et al. [15] confirmed that mixtures with internal curing 

compounds that cure in the air increased electrical resistivity by about 12%. 

Table 3: Corrosion range with electrical resistivity values [16] 

Electrical Resistivity 

(kΩ -cm) Corrosion risk 

More than 20 Negligible 

10 to 20 Low 

5 to 10 High 

Less than 5 Very high 

 

Electrical resistivity values indicate the durability of concrete because the values correlate with the 

corrosion of structural reinforcement elements [17], as shown in Table 3. It can be observed that if 
electrical resistivity values are more than 20 kΩ-cm, corrosion risk in reinforcement is negligible [18]. 

The experimental results showed that the electrical resistivity values of SCC mixtures were more than 

20 kΩ-cm at 28 days. 

3.2 Ultrasonic pulse velocity of hardened concrete 

The ultrasonic pulse velocity method involves timing how long an ultrasonic pulse takes to travel 
through the concrete being tested. A relatively higher velocity is obtained when concrete quality is 

good in density, uniformity, homogeneity, etc. 
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Figure 5. Ultrasonic pulse velocity of SCC mixes at 7 days in different curing regimes 

 

 

Figure 6. Ultrasonic pulse velocity of SCC mixes at 28 days in different curing regimes 

The higher UPV indicates that uniformity, occurrence or absence of internal flaws, cracks, and 

segregation in concrete quality. Based on pulse velocity values, the quality of concrete can be 

assessed and concrete is characterised in terms of quality. 

As shown in Figures 5 and 6, the ultrasonic pulse velocity values increased with 0.1% SAP dosage 
after declining air-curing gunny bag curing regimes at 7 and 28 days. On the contrary, in water curing, 

the ultrasonic pulse velocity values decreased with increasing SAP dosage at 7 and 28 days. The 

percentage of increment of air curing regimes 0.1% SAP dosage values was 9% and 14.3% compared 
to the control specimen at 28 days. Improvement in ultrasonic pulse velocity values was due to the 

improved microstructure due to enhanced hydration. Further, it leads to tedious entering aggressive 

ions into the concrete.  
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4. CONCLUSIONS 

1. Self-compacting concrete requires internal curing with a super absorbent polymer to fully hydrate 

the higher cementitious material to reduce the shrinkage.  

2. When SAP dosage was increased, electrical resistivity values greater than 20 k-cm were seen at 28 
days in air-cured specimens. Air-cured specimens improved electrical resistivity better than water-

cured and gunny bag specimens due to SAP hydrogel present in water cured and gunny bag cured 

specimens and act as week material. Therefore, the internal SAP curing in air-cured specimens 

dramatically impacts the strength and durability of self-compacting concrete. 

3. Ultrasonic pulse velocity values of more than 4.4 km/s were seen at 28 days in air, gunny bag and 
water curing. Still, air curing produced better results than water-cured, gunny bag cured specimens. In 

light of this, internal curing with SAP in air-cured specimens significantly impacts self-compacting 

concrete's strength and durability properties. 
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